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METHODS OF TEST FOR 
PETROLEUM AND ITS PRODUCTS 

[ P : 25 ] 

DETERMINATION OF KINEMATIC AND 
DYNAMIC VISCOSITY 

( First Revision ) 

Firth Reprint DECEMBER 1995 

UDC 665-6/-7: 532-13 

Adapted from joint public alion ASTM Designation D 445-72 
and IF Designation 71/75 

1. SCOPE 

1.1 This method describes a procedure for the determination of the kinematic 
viscosity of liquid petroleum products, both transparent and opaque, by mea- 
suring the time for a volume of liquid to flow under gravity through a cali- 
brated glass capillary viscometer. The dynamic viscosity can be obtained 
by multiplying the measured kinematic viscosity by the density of the liquid. 

1.2 The method is intended for application to liquids for which the ratio 
of shear stress to shear rate is the same for different viscometers ( Newtonian 
flow, j^^Note). 

Note — The method depends on the behaviour of the sample and ideally the 
coefficient of viscosity should be independent of the rate of shear ( this is commonly 
called Newtonian flow behaviour). If, however, the coefficient of viscosity varies 
significantly with the rate of shear, different results may be obtained from viscometers 
of different capillary diameters. 

2. DEFfNinONS 

2.1 JUneinatic Viscosity — It is a measure of the resistance to gravity 
flow of a flmd, the pressure head being proportional to its density p. For 
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any particular viscometer, the time of flow of a fixed volume of fluid is directly 
proportional to its kinematic viscosity v — 7j/p, where 7) is the dynamic 
viscosity cocflicicnt. The kinematic viscosity coefficient has the dimension 
L^/T, where Z is a length, and 7" is a time. The cg^ unit of kinematic 
viscosity is one centimetre squared per second and is called one stoke 
( abbreviated 1 St ). The SI unit of kinematic viscosity is one metre squar<pd 
per second and is equivalent to 10* St. Frequently, the centistokes ( abbre- 
viated 1 cSt ) is used ( 1 cSt = 10"'' St ). 

2.2 Density — It is the mass per unit volume of the fluid. The dimension 
of density is M/L^, where M is a mass. The cgs unit of density (p) is one 
gram per cubic centimetre, and the SI unit of density is one kilogram per 
cubic metre. 

2.3 Dynamic Viscosity — The ratio between the applied shear stress and 
rate of shear is called the coefficient of dynamic viscosity y). This coefficient 
is thus a measure of the resistance to flow of the liquid; it is commonly called 
the viscosity of the liquid. The dimension of the coefficient of dynamic 
viscosity is MILT— FTjL^ depending on whether the dimension of vis- 
cosity is based on the M-L-T system or on the F-L-T system (where F 
represents a force ). The cgs unit of dynamic viscosity is one gram per 
centimetre per second = one dyne-second per centimetre squared and is 
called one poise ( abbreviated IP). The 31 unit of dynamic viscosity is 
one newton-second per metre squared and is equivalent to 10 poises. 
Frequently, the centipoise ( abbreviated 1 cP ) is used ( 1 cP ~ lO-'-'P). 

3. SUMMARY OF METHOD 

3.1 The time is measured in seconds for a fixed volume of liquid to flow 
under gravity through* the capillarx^ of a calibrated viscometer under a re- 
producible driving head and at a closely controlled temperature. The 
kinematic viscosity is the product of the measured flow time and the cali- 
bration constant of the viscometer. 

4. APPARATUS 

4.1 Viscometers — Calibrated, glass capillary type, capable of measuring 
kinematic viscosity within the limits of precision given in 10, are acceptable. 
Those viscometers listed in Table 1 meet these requirements ( see also 
Appendices A and B). 

4.1.1 Automated assemblies which perform as herein required are consi- 
dered suitable alternatives. 

4.2 Viscometer Holders — To enable the viscometer to be suspended in a 
similar position as when it was calibrated. The proper alignment of vertical 
parts may be confirmed by using a plumb line. 
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TABLE 1 VISCOMETER TYPES 








{Clause AA) 








Test Viscometers 


Range*, 


cSt 


A) Ostwald Types for Transparent Liquids: 








1. Cannon Fcnske routine 


0-5t 


to 


20 000 


2. Zeitfuchs 


0*6 


'J 


3 000 


3. SIL 


0-6 


>i 


10 000 


4. Cannon-Manning semi-micro 


0-4 


>> 


20 000 


5. BS/IPU-tubc 


0-9t 


)* 


10 000 


6. BS/IP U-tubc miniature 


0*2 


i> 


20 000 


7. Knkevitch 


0-6t 


9* 


17 000 


B) Suspended Level Types for Transparent Liquids: 








1. Ubbclohdc 


0-3t 


to 


100 000 


2. Fitz Simons 


0-6 


»» 


1200 


3, Atlantic 


0*75t 


>> 


5 000 


4. Cannon-Ubbclohdc, Cannon-Ubbelohdc dilution 


0-5t 


>» 


100 000 


5. Cannon-Ubbelohde semi-micro 


0-4 


J» 


20 000 


6. BS/IP suspended IcvelJ 


3-5t 


if 


100 000 


7. BS/IP suspended level, shortened formt 


l-05t 


)» 


10 000 


8. BS/IP miniature suspended IcvelJ 


0'6 


JJ 


bOOO 


C) Reverse-Flow Types for Transparent and Opaque Liquids: 








1. Zeitfuchs Gross-Arm 


0-6 


to 


100 000 


2, Cannon-Fcnskc opaque 


0*4 


u 


20 000 


3. Lantz-Zeitfuchs 


60 


*> 


100 000 


4. BS/IP U-tube reverse flow§ 


0-6 


>s 


300 000 



♦Each range quoted requires a series of viscometers. To avoid the necessity of making 
a kinetic energy correction, these viscometers are designed for a flow time in excess of 200 
seconds except where noted. 

•fin each of these scries, the minimum flow time for the viscometers with the lowest 
constant exceeds 200 seconds. 

{Specifications and operating instructions for these viscometers are given in Appendix B. 

{Specification and operating instructions for these viscometers are givenin Appendix A 



or 



4.3 Viscometer Thermostat and Bath — Any transparent liquid 
vapour bath may be used, provided that it is of sufficient depth so that at no 
time during the measurement will any portion of the sample in the viscometer 
be less than 2 cm below the surface of the bath liquid or less than 2 cm above 
the bottom of the bath. 
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4.3.1 The temperature control shall be such that for the range of 15 to 
lOO'^C the temperature of the bath medium does not vary by more than 
0*0 1°G over the length of the viscometers, or between the positions of each 
viscometer, or at the location of the thermometer. For temperatures out- 
side this range, the variation shall not exceed 0'03°G. 

4.4 Temperature Measuring Device — Standardized liquid-in-glass 
thermometers ( see Table 2 ) of an accuracy after correction of 0*01 °C shall 
be used or any other thermometric device of equal accuracy. 



TABLE 2 KINEMATIG VISCOSITY THERMOMETERS 



Test Temperature* 


Subdivision 


CORRESPONDIMO IP 

Designation No. 


(I) 


(2) 


(3) 


-53-9 


0-05 


69G 


—51 to —35 


0-10 


65C 


—40 


005 


68C 


—17-8 


005 


67G 





0-05 


33C 


20and2M 


005 


29G 


25 


o-d5 


30G 


37-78 


0-05 


31C 


40 


0-05 


92C 


50 


005 


66C 


54'4 


0-05 


34G 


60 


005 


35C 


82-2 


0-05 


90C 


93-3 


0-05 


36C 


98-9 and 100 


0-05 


32C 


135 


0-05 


93C 



•Scale error is not to exceed 0'1'G. 
the given test temperature. 



These scale errors are required to apply only at 



4.5 Timing Device — Any timing device may be used provided that the 
readings shall be taken with a discrimination of 0*2 seconds or better, and 
that it has an accuracy within ±0*07 percent when tested over intervals of 
15 minutes. 

4.5.1 Electrical timing devices may be used if the current frequency is 
controlled to an accuracy of 0*05 percent or better. Alternating currents, 
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as provided by some public power systems, arc intermittently rather than 
continuously controlled. When used to actuate electrical timing devices, 
such control may cause large errors in viscosity flow measurements. 

5. STANDARDIZATION 

5.1 Viseometers — Use only calibrated viscometers with constants mea- 
sured and provided to the nearest 0*1 percent of their value ( see Note ). 

NOTS — The calibration constant, C, is dependent upon the gtavitational acceleration 
at the place of calibration and this shall, therefore, be supplied by the standardization 
laboratory together with the instrument constant. Where the acceleration of gravity, g, 
in die two locations differs by more than 0*1 percent, correct the calibration constant as 
follows: 

ix 
where the subscripts 1 and 2 indicate respectively the standardization laboratory and 
the testing laboratory. 

5.2 Thermometers — Routine liquid-in-glass thermometers should be 
checked to the nearest O'OPC by direct comparison with a suitable standar- 
dized thermometer. 

5.2.1 Kinematic Viscosity Test Thermometers (see Table 2) — These shall 
be standardized at total inunersion which means inunersion to the top of the 
mercury column, with the remainder of the stem and the expansion chamber 
at the top of the thermometer exposed to the room temperature. Do not 
submerge the expansion bulb at the top of the thermometer. 

5.2.2 It is essential that the ice point of standardized thermometers be 
determined periodically and that the official corrections be adjusted to con- 
form to the change in ice point. 

5.3 Timers — Standard time signals available in the country may be 
used for checking accuracy of timing devices. Time signals as broadcast 
by the Standard Frequency and Time Signal Sution, NPL, New Delhi, ATA 
Station at 10 Mc/s ( 30 metre band ) are a convenient and primary standard 
reference for calibrating timing. 

5.4 Viscosity Staxulards'*' ( see Table 3 ) — These may be used as con- 
firmatory checks on the procedure in the laboratory. If the measured kine- 
matic viscosity does not agree within ±0*35 percent of the certified" value, 
each step in the procedure should be rechecked, including thermometer and 
viscometer calibration, to locate the source of error. It shall be appreciated 
that a correct result obtained on a standard oil does not preclude the possi- 
bility of a counterbalancing combination of the possible sources of error. 

•The viscosity oil standards are available in 0'5-litrc containers. Purchase orders 
should be addressed to the Cannon Instrument Co, P.O. Box 16, State College, Pa. 
16801, USA. Shipment will be made as specified or by best means. 
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TABLE a 


t LEVELS OF ASTM VISCOSITY CLASSDIGATIONS, KINEMATIC 










{Clausi 5.4) 








ASTM 


At 


At 


At 


At 


At 


At 


At 


At At 


Viscosity — 

Level 

Designa- 


53-89-C - 


-40«C 20<'C 


25<»C 


3778-C 


40»C 


500C98'89»C1000C 


















tion 


















(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) (10) 


S.3 


300 


80 


4-6 


4-0 


30 


2-9 




1-2 1-2 


S-6 






11 


8-9 


6-0 


5-7 




1-8 1-8 


5-20 






44 


34 


20 


18 




4-0 3-9 


S-60 






170 


120 


60 


54 




7-4 7'2 


S-200 






640 


450 


200 


180 




17 17 


S-600 






2 400 


1600 


600 


520 


288 


33 32 


S-2 000 






8 700 


5 600 


2000 


1700 




78 75 


S-SOOO 






37 000 


23 000 


8 000 


6 700 






S-30000 








81000 


27 000 


23 000 


11000 





5.4.1 Viscosity Oil Standards ( ASTM ) — Having the approximate kine- 
matic viscosity shown in Table 3 are available*. Certified kinematic vis- 
cosity values are established by annual co-operative tests by a number of 
laboratories. The current values are supplied with each portion. 

6. PROCEDURE FOR KINEMATIC VISCOSITY 



6.1 The specific details of operation vary for the diflferent types of viscometers 
listed in Table 1. In all cases, however, proceed in accordance with 6.2. 

6.2 Maintain the bath at the test temperature within the limits given 
in 4.3.1. Apply the necessary corrections, if any, to all thermometer 
readings. 

6.2.1 Ascertain that the ice-point of the thermometer has been determined 
recently and the corrections, if any, applied to the calibration values. The 
possible change in the ice-point reading of new thermometers may require 
a check every week. 

6.2.2 Select a clean dry, calibrated viscometer having a range covering 
the estimated viscosity ( that is, a wide capillary for a very viscous liquid 
and a narrower capillary for a more fluid liquid ). The flow time should 
not be less than 200 seconds. 



*Thc viscosity oil standards arc available in 0-5-litre containers. Purchase ordeti 
should be addressed to the Gannon Instrument Co, P.O. Box 16, State College, Pa. 16801, 
USA. Shipment will be made as specified or by best means. 
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6.2.3 When the temperature of the test is below the dew point, fit loosely 
packed drying tubes on to the open ends of the viscometer to prevent water 
condensation. Drying tubes shall fit the design of the viscometer and not 
restrict the flow of the sample under test by pressure created in the instrument. 
At temperatures below 0**C, it may be advisable to charge the s^ple into 
the viscometer at ambient temperature; allow the viscometer to coo] to 
bath temperature, keeping sample in the working capillary to prevent slight 
accumulation of frost on the walls of the capillary. 

6J2A Viscometers used for silicone fluids, fluoro-carbons, and other 
liquids which are difficult to remove by the use of a cleaning agent, should 
be reserved for the exclusive use of those fluids except when calibrating. 
Such viscometers should be subjected to calibration checks at frequent 
intervals ( see Appendix C ), 

6.3 Charge the viscometer in the manner dictated by the design of the 
instrument, this operation being in conformity with that employed when 
the instrument was calibrated. Should the sample contain solid particles, 
filter during charging through a 75-micron IS Sieve. 

6.3.1 With certain products which exhibit * gel-like * behaviour, take 
care that measurements are made at sufficiently high temperatures for 
such materials to flow freely so that similar results will be obtained in vis- 
cometers of different capillary diameters. 

6*3.2 The viscosity of steam refined cylinder oils, black lubricating oils, 
residual fuel oils, and similar waxy products can be aflfected by the previous 
thermal history. The following preheating procedure should be followed 
to obtain uniform results for viscosities below 95*^C. 

6.3.2.1 To obtain a representative sample, heat in the original con- 
tainer to about 50**C with stirring and shaking. Probe the bottom of 
the container with a rod to be certain that all waxy materials arc in 
solution. Pour 100 ml into a 125-ml flask. Stopper loosely with a cork 
or rubber stopper. Inunerse the flask in a bath of boiling watej for 30 
minutes. Mix well, remove the sample from the bath, and strain it through 
a 75-micron IS sieve directly into the viscometer already in the thermosta- 
ted bath. Complete the viscosity test within 1 hour after preheating. 

6.4 Allow the charged viscometer to remain in the bath long enough to 
reach the test temperature. Because this time will vary for the different 
instruments and for different temperatures, establish a safe temperature 
equilibrium time by trial ( 30 minutes should be sufficient ). Where design 
of the viscometer requires it, adjust the volume of the test sample after 
the sample has reached temperature equilibrium. One bath is often used 
to acconunodate several viscometers. Never add or withdraw a viscometer 
while any other viscometer is in use for measuring a flow time. 



IS:l448IP:»)-t976 

6.5 Use suction ( if the sample contains no volatile constituents ) or pressure 
to adjust the head level of the test sample to a position in the capillary arm 
of the instrument about 5 mm ahead of the first timing mark. With the 
sample flowing freely, measure in seconds, to within 0*2 seconds ( see 4.5 ), 
the time required for the meniscus to pass from the first timing mark to the 
second. If this flow time is less than the specified minimum ( see 6«2,2 ), 
select a viscometer with a capillary of smaller diameter and repeat the 
operation. 

6.5.1 For modified Ostwald and suspended level types, repeat the pro- 
cedure described in 6.5 to make a second measurement of the flow time. 
For reverse-flow viscometers, use the same or another unit and begin 
at 6.3 to make the second measurement. 

6.6 If two measurements agree within 0*2 percent, use the average for 
calculating the reported kinematic viscosity. For reverse-flow types, flow 
time shouM agree within 0' 35 percent. If these agreements are not obtained, 
reject the test results. 

7. PROCEDURE FOR DYNAMIC VISCOSITY 

7.1 Determine the kinematic viscosity as described in 6. 

7.2 Determine the density of the sample to 0001 g/cc at the same tempera- 
ture as the viscosity in accordance with the method given under IS : 1448 
[P:32]-1972*. 

8. CLEANING OF VISCOMETER 

8.1 Between successive determinations, clean the viscometer thoroughly 
by several rinsings with an appropriate solvent completely miscible with 
the sample, followed by a completely volatile solvent. Dry the tube by 
passing a slow stream of filtered dry air through the viscometer for 2 minutes 
or until the last trace of solvent is removed. 

8.2 Periodically clean the instrument with chromic acid to remove organic 
deposits, rinse thoroughly with ^distilled water and acetone, and dry 
with clean dry air. Inorganic deposits may be removed by hydrochloric 
acid treatment before use of cleaning acid, particularly if barium salts are 
suspected. 

9. CALCULATION AND REPORTING 

9.1 Calculate the kinematic viscosity v from the measured flow time t and 
the instrument constant C by means of the following equation: 

♦Methods of test for petroleum and its products: f P ; 32 ] Density and relative density 
{first revision ). 

8 
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where 

V = kinematic viscosity in centistokes, 

C = calibration constant of the viscometer in centistokes per 
second, and 

t — flow time in seconds. 

9.2 Calculate the dynamic viscosity t) from the calculated kinematic viscosity 
V and the density p by means of the following equation; 

7) = p X V 

where 

Tf) = dynamic viscosity in centipoises, 

p = density, grams per cubic centimetre ( see Note ) at the 
ssune temperature used for measuring the flow time i, and 
v«= kinematic viscosity in centistokes. 

Note — It is permissible to use density values calculated in grains per 
miUiUtre units as being numerically equivalent to those in grams per cubic 
centimetre units. 

9.3 Report test results for both the kinematic and dynamic viscosity rounded 
to the nearest one part per thousand of the value measured or calculated, 
respectively. 

10. PRECISION 

10.1 Results of duplicate tests shall not differ by more than the following 
amounts: 

Test Temperature Repeatability Reproducibility 

15 to lOO^C 0*35 percent of 07 percent of 

their mean their mean 



APPENDIX A 

( Clause 4,1, and Table 1 ) 

SPECXFICATIONS AND OPERATING INSTRUCTIONS FOR BS/IP 

U-TUBE MODIFIED REVERSE FLOW VISCOMETERS FOR 

OPAQjUE LIQjUIDS 

A.l. SCOPE 

A-1.1 The BS/IP U-tube modified reverse flow viscometers described in this 
appendix are used for the determination of kinematic viscosity of opaque 
liquids and cover the range of 1 2 to 1 000 000 cSt. 
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A-2- APPARATUS 

A-2.1 7'he viscometers sliall be made of dear borosilicatc or other heat- 
resistant glass free from visible defects. All glass tubing used in the cons- 
truction (►f a single viscometer shall be of the same composition and the 
finished instrumeni shall be thoroughly annealed. 

A-2.2 The design and dimensions of the viscometer arc shown in Fig. 1 
and Table 4. 

A-»2.2.1 Vomefidature for Tubes, Bulbs and Timing Marks — The following 
numbers and letters refer as applicable to all viscometers ( Fig. I to Fig. 4 ): 



Tube 



Bulb 



1 

2 
3 
4 
5 
6 

A 
B 
C 
D 



Filling tube 
Timing tube 
Air tube 
Connecting tube 
Capillary tube 
Overflow tube 



Reservoir 

Suspended level bulb 
Timing bulb 
Subsidiary bulb 

Marks E and F Timing marks 
G and H Filling marks 



TABLE 4 CHARACTERISTICS AN13 VISCOSITY MINIMA OF THE 
MODIFIED U-TUBE REVERSE FLOW VISCOMETERS 

( Clause A-2.2 ) 



Size 


Approxi- 


Capillary 


Inside 


Length of 


Viscosity 


Num- 


mate C 


Diameter 


Diameter 


Capillary 


MlHIMA* 


ber 


Constant 




AT Marks 
E,FasdG 






(1) 


(2) 


(3) 


(4) 


(5) 


(6) 






mm 


mm 


mm 


cSt 


1 


0003 


0*51 * 0-02 


3 


185 * 2 


1-2 


2 


O-OI 


0-71 * 0-02 


3 


185 *2 


2*0 


3 


0-03 


0*93 * 0-03 


3 


185* 2 


60 


4 


0-1 


1-26 ± 004 


3 


185 * 2 


20 


5 


0-3. 


1-64 * 0-05 


3 


185 * 2 


60 


6 


iO 


2-24 =fc 0-07 


3-5 


185 * 2 


200 


7 


3-0 


2-93 -= 0-10 


4 


185 * 2 


600 


8 


10 


4-0 * O-l 


5 


185 *2 


2000 


9 


30 


5-5 * 0-2 


5-5 


185 * 2 


6000 


10 


100 


7-7 * 0-2 


7-7 


210 =fc 2 


50 000 


11 


300 


10-0 * 0-3 


100 


210 *2 


60 000 


♦With these viacosity 


minima the kinetic 


energy correction is not greater than 0*2 percent 


of the total. 




, 







10 
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u-at- 



21 TO 33 OD 



• OD MIM- 



tVCMCD MNC - 



-CUT OFF SQUARC 
AND FLAMC POLISNCD 



CAPACITY 
tmL REQUIREDOf 
''StIES IT09 ONLV 



SPECIAL PIPETTE 




All dimensions in millimetres. 

Fig. 1 U-TuBE Reverse Flow Viscometer for Opaque 
Lic^uiDs — Type BS/IP/RF 
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A-3. OPERATING INSTRUCTIONS 

A-3.1 Method of Use — Select a viscometer which will give a flow time 
of at least 200 seconds with the oil to be tested. If the approximate viscosity 
of the oil is unknown and cannot be judged, a suitable viscometer may be 
selected by first determining the viscosity of the sample very approximately 
in a viscometer the constant of which is obviously too large. 

A-3.1. 1 Filter a portion of the sample, approximately 12 to 35 ml, depend- 
ing on the size of the viscometer. Place the viscometer in the bath so that 
the upper filling mark is about 3 cm below the surface of the bath liquid 
and the capillary is vertical as judged by a plumb line observed in two direc- 
tions at right angles. Allow the viscometer to reach the bath temperature 
and pour sufficient of the filtered sample, heated, if necessary, into the 
filling tube to a point just above the upper filling mark. Allow the sample 
in the viscometer to flow freely through the capillary, taking care that the 
liquid column remains unbroken, until it has reached a position about 
5 mm below the lower filling mark and arrest its flow by closing the timing 
tube with a cork or rubber bung. Add more of the sample, if necessary, 
to the filhng tube to bring the upper oil surface just above the upper filling 
mark. Allow the sample to reach the bath temperature and any air bubbles 
to rise to the surface ( usually about 20 to 30 minutes is required ), Gcncly 
loosen the stopper, allowing the sample to flow until it is approximately at 
the lower filling mark ( see Note ) and press back the stopper to arrest the 
flow. Remove the excess sample above the upper filling mark by inserting 
the special pipette until its cork rests on top of the filling tube and apply 
gentle suction until air is drawn through. The top of the meniscus in the 
filling tube shall then coincide with the position of the upper filling mark. 
Remove the stopper, allowing the liquid to flow under its own head, and 
measure the time in seconds for the top of the lower meniscus to rise from the 
lower to the upper timing marks ( see Note ). 

Note — The lower filling mark shall not be confused with the lower timing mark. 

A->3*1.2 Make only one timing per filling with this type of viscometer. 

A-3.2 Viscometer Gleaning — For liquids which are sufficiently fluid 
at room temperature, remove the viscometer from the bath, invert, allow to 
drain, and cool. Clean thoroughly by rinsing with suitable solvents and 
finally with a volatile solvent such as ethyl ether. Allow the viscometer 
to drain, and remove the solvent completely by passing a current of clean, 
dry air through it. For liquids which do not drain readily, leave the vis- 
cometer in the bath, force the liquid back into the filling tube by applying a 
pressure of about 50 mbar in the liming tube and procetd as abcvc. Perio- 
dically, or whenever the appearance of the viscometer shows the necessity 
to do so, clean the instrument with chromic acid mixturc. 

A«3.3 Alternative Method of Use — Filter a portion of the sample, 
approximately 12 to 35 mJ, depending on the size of the viscometer. Pour 

12 
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the filtered sample into the filling tube, taking care net to wet the walls of the 
tube above the upper filling mark. Allow the liquid to flow in an unbroken 
column down the capillary tube and round the capillary bend. When the 
liquid has rearhed a point about 5 nun below the lower filling mark^ arr^t 
the flow by closing the timing tube with a cork or rubber bung. 

A-3.3.1 Alternatively, the flow may be controlled by applying a counter- 
pressure in the timing tube of about 15 mbar or by using a rubber bulb. 
At this stage the upper level of the liquid shall be just below the upper 
filling mark. When the viscometer has reached the test temperature ( usually 
20 to 30 minutes are required ) add sufficient sample to the filling tube 
to bring the upper level precisely to the upper filling mark. Wait a further 
5 minutes before opening the timing tube to the atmosphere and allow the 
liquid to flow under its ov/n head. Measure the time in seconds required 
for the meniscus to rise from the lower to the upper timing marks. 



APPENDIX B 

( Clause 4.1, and Table 1 ) 

SPECIFIGATIONS AND OPERATING INSTRUCTIONS FOR BS/IP 

SUSPENDED LEVEL VISCOMETERS FOR 

TRANSPARENT LIQJUIDS 

B-1. SCOPE 

B-1.1 The BS/IP suspended level viscometers described in this appendix are 
used for the determination of kinematic viscosity of transparent liquids 
and cover the range 0*6 to 100 000 cSt. 

B-2, APPARATUS 

B-2.1 The viscometers shall be made of clear borosilicate glass, free from 
visible defects. All glass tubing used in the construction of the viscometers 
shall be of the same composition, and the finished instrument shall be 
thoroughly annealed. 

B-2*2 Three types are in general use, the design and dimensions of the 
viscometers are shown in ¥'ig. 2, 3 and 4 and Tables 5, 6 and 7 which include 
viscosity minima. The three types of BS/IP suspended level viscometers are 
as follows: 

Type BS/IP/SL Range 3*5 to 100 000 cSt ( see Table 5 ) 

Type BS/IP/SL(S) Range \'\ to 10 000 cSt {see Table 6) 

Type BS/IP/MSL Range Oo to 3 000 cSt {see Table 7 ) 
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PMFMMD emCMTATtOM— ^£+ 1 J 



r~0 04^ I 



ITOI«5 
THICK 




S)ze No. I to 4 Slzt No. 4A and 5 

All dimensions in millimetres. 
Fio. 2 Suspended Level Viscometer, Type BS/IP/SL 

B-3. OPERATING INSTRUCTIONS 

B-3.1 Place the clean viscometer in the bath so that the top of bulb C 
( Fig. 2, 3 and 4 ) is at least 3 cm below the bath liquid level and taking 
care, by using a plumb line observed in two directions at right angles, that 
the capillary arm is vertical ( see Note ). Charge the viscometer with the 
filtered sample through tube 1, the precise amount charged being 
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tmimportant, and in such a manner that the U-tube at the bottom fills 
completely without trapping air. 

Note — A deviation of 1 dcg fipom the vertical will cause an error of approxiniately 
0*02 percent* 



3»4 OR 5 IQ 



0»75 TO 1*25 
THICK 



I TO 2 

CLEARANCE 



^»-PREFERRED ORieNTATION 




IDatE 




Size No. 


mm 


1 to6 

7 

8,9 


3 
4 

5 



-7 TO SOD 

All dimensions in millimetres. 

Fig. 3 Suspended Level Viscometer, Shortened Form, 
Type BS/IP/SL(S) 
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J^&^.o 



PREFERRED ORtENTATION 



-7 TO 8 00 



0-75TO i*25l[ 
THICK - 




APPROX 0*5mt 



ITO 2 
CLEARANCE 



CAPACITY APPROX 
4 ml 



All dimension! in millimetres. 

Fig. 4 Miniature Suspended Level Viscometer, 
Type BS/IP/MSL 



B-3.1.1 After the viscometer has reached temperature equilibrium (at 
least 10 minutes at 37*78°C and 15 minutes at 98'89°C, place a finger over 
tube 3 and apply suction to tube 2 until the liquid reaches the centre of bulb 
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D ( Fig. 2 and 4 ) . For sizes 4A and 5 the liquid is sucked up until its level is 
approximately 5 mm above the upper etched mark. Remove suction from 
tube 2. Remove tlie fingqr from tube 3, and immediately place it over 
tube 2 until the sample falls away from the lower end of the capillary. 
Remove the finger from tube 2, and measure the time for the bottom of 
the meniscus to pass from the top edge of the upper timing mark to the top 
edge of the lower timing mark. Without recharging the viscometer, make 
check determinations until two successive times of flow agree to within 
0'2 percent. 

B-3.2 When using the type BS/IP/SL(S) viscometer proceed as described 
in B»3.1, except that the level to which the liquid is raised is approximately 
5 mm above the upper etched mark. 

B-3.3 When using the type BS/IP/MSL viscometer proceed as described 
in B-3.1. WheA filling allow the liquid to just overflow from the tube in 
bulb£> (Fig. 4). 



TABLE 5 CHARACTERISTICS AND VlSCOSmf MINIMA OF 
SUSPENDED LEVEL VISCOMETERS 






(C^«wB-2.2) 






SiZB 
NUMBBR 


Nominal C 
Constant 


Captllary 
Diameter 


Minimum 

Flow Time 


Minimum 

Viscosity* 


(1) 


(2) 


(3) 


(4) 


(5) 






mm 


seconds 


cSt 


1 


0-ai 


0-64 ^ 0-02 


350 


3-5 


lA 


0-03 


0-84 lb 0-02 


200 


6-0 


2 


0-1 


1-15 ib 0*03 


200 


20 


2A 


0-3 


1-51 * 0-03 


200 


60 


3 


1 


2-06 ^ 0-04 


200 


200 


3A 


3 


2-74 ^ 0-04 


200 


600 


4 


10 


3-70 * 0-04 


200 


2 000 


4At 


30 


4-97 ^ 0-04 


200 


6 000 


5t 


100 


6-76 * 0-05 


200 


20 000 



•With these viscosity minima the kinetic energy correction is not greater than 0*2 percent 
of the total. 

t Although these viscometers are convenient for oils of high viscosity the errors due to 
drainage and other causes will probably give a precision of an order lower than that stated 
in 10. 
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TABLE 6 


CHARACTERISTIGS AND VISCOSITY MINIMA OF SUSPENDED 
LEVEL VISCOMETERS, SHORTENED FORM 






{Clause ^-2,2) 






Size 

NUMBfiR 


Nominal C 

CONaTANT 


Capillary 

DlAMRTBR 


Minimum 
Flow Time 


Minimum 

Viscosity* 


(1) 


(2) 


(3) 


(4) 


(5) 






mm 


seconds 


cSt 


1 


O'OOOS 


0-36 * 0-02 


1 320 


I'l 


2 


0-003 


0-49 * 0-02 


690 


2-1 


3 


0-01 


0-66 * 0-02 


380 


3-8 


4 


0-03 


0-87 tfa 0-02 


230 


6-8 


5 


0-1 


1-16 * 0-025 


200 


20 


6 


0-3 


1-55 =fc 0-03 


200 


60 


7 


1-0 


2-10 ^ 0-04 


200 


200 


8 


3-0 


2-76 * 0-05 


200 


600 


9 


lO'Q 


3-80 * 0-05 


200 


2 000 


♦With these viscosity minima 
of the total. 


the kinetic energy correction is not greater 


than 0-2 percent 





TABLE 7 CALIBRATION CONSTANTS, CAPILLARY DIAMETERS AND 
VISCOSITY MINIMA OF MINUTURE SUSPENDED LEVEL VISCOMETERS 







( Clause B.2.2 ) 




SiZB 

NinCBER 


Nominal C 
Const AMT 


Capillary 
Diameter 


Minimum 

VlSCOMTY* 


(1) 


(2) 


(3) 


(4) 






mm 


cSt 


1 


0-003 


0-35 * 001 


0-6 


2 


0-01 


0-45 =fc 0-02 


2-0 


3 


0-03 


0-62 ± 0-02 


60 


4 


0*10 


0-81 ± 0-02 


20 


5 


0-30 


1-10 A 0-03 


60 


6 


1-0 


1-45 ^ 003 


200 


7 


3-0 


1-98 * 0-03 


^00 



♦With thcsf: viscosity minima the kinetic energy correction is not greater than 0*2 percent 
of the total. 
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APPENDIX C 

( Clause 6.2.4 ) 

CALIBRATION OF VISCOMETERS 



C-l. REFERENCE MATERIALS 

C-1.1 Viscosity Oil Standards — conforming to ASTM viscosity oil 
standards having the approximate kinematic viscosity shown in Table 3. 
Certified kinematic viscosity values are cstablislu^d by cooperative tests and 
are supplied with each sample. 

C2s CALIBRATION 

C-2.I Using Liquid Standards — Select from Table 3 a liquid standard 
having a minimum flow time of 200 seconds at the calibration temperature 
(.preferably 37'78*^G ) and a viscosity in excess of the minimum shown in 
iable 1. Determine the flow time to the nearest 02 seconds in accordance 
with 69 and calculate the viscometer constant C as follows: 



where 

V = viscosity in cSt for the standard liquid, and 
t = flow time in seconds. 

C-2.2 Using Standard Viscometers — Select any petroleum oil that will 
have a flow time of at least 200 seconds in both the standard and to-bc- 
standardized viscometer; some viscometers, as listed in Table 1, require 
that the oil have a viscosity in excess of the minimum shown in order that 
the kinetic energy correction will be less than 0*2 percent. 

C-2.2.1 Select a standard viscometer of known constant C ( see Note 
under 5.1 ). This viscometer may be a master viscometer that has been cali- 
brated by the *step-up' procedure using viscometers of successively larger 
diameters starting with distilled water as the basic viscosity standard or a 
routine viscometer of the same type that has been calibrated by comparison 
with a master viscometer. Mount "he standard viscometer together with the 
viscometer to be calibrated in the same bath and determine the flow time 
of the oil in accordance with 6. 
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Calculate the constant C as follows: 

where 

( , 
Cj = C constant of* the viscoint icr being calibrated, 

/g = flow time to the n(*aresi 02 seconds in the standard 
viscomclcr, 

Cz == C constant of the standard viscometer, and 

ti = flow time to the nearest 0*2 seconds in the viscometer being 
calibrated. 
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